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EFFECTS OF ANORECTIC DRUGS ON FOOD INTAKE UNDER PROGRESSIVE-RATIO
AND FREE-ACCESS CONDITIONS IN RATS

MARK G. LESAGE, DAVID STAFFORD, AND JOHN R. GLOWA

LOUISIANA STATE UNIVERSITY HEALTH SCIENCES CENTER IN SHREVEPORT

The effects of two anorectic drugs, dexfenfluramine and phentermine, on food intake under differ-
ent food-access conditions were examined. Experiment 1 compared the effects of these drugs on
food intake under a progressive-ratio (PR) schedule and free-access conditions. Dexfenfluramine
decreased food intake under both conditions, but the doses required to decrease intake under free-
access conditions were higher than those required to reduce intake under the PR condition. Inter-
mediate doses of phentermine sometimes increased breaking points, and higher doses decreased
them. Phentermine decreased food intake at the same doses under both access conditions. Thus the
potency of dexfenfluramine, but not phentermine, to decrease food-maintained behavior depended
upon the food-access condition. Experiment 2 used a novel mixed progressive-ratio schedule of food
delivery to study the duration of drug effects. Sessions consisted of five components separated by 3-
hr timeouts. The ratio requirement reset at the beginning of each component and a new breaking
point was obtained. Both dexfenfluramine and phentermine dose-dependently decreased breaking
points early in the session. In some rats, compensatory increases in breaking point were observed.
That is, breaking points later in the session increased over control levels, resulting in no change in
the total number of food pellets earned for the session compared to control. The present findings
suggest that the effects of some anorectic drugs depend upon the access conditions for food; in-
creasing the effort to obtain food may enhance their ability to decrease food-maintained behavior.

Key words: progressive-ratio schedule, food-maintained behavior, food intake, dexfenfluramine,
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Pharmacotherapy involving the use of an-
orectic drugs (i.e., appetite suppressants) is
commonly employed in the treatment of obe-
sity (Bays & Dujovne, 2002; Spanswick & Lee,
2003). Preclinical research on the pharma-
cological modification of food-motivated be-
havior typically examines drug effects on the
consumption of freely available food. This ap-
proach is based on the assumption that drugs
decrease food consumption by decreasing the
reinforcing efficacy of food (i.e., by produc-
ing satiety-like effects; Gibbs & Smith, 1982;
Halford, Wanninayake, & Blundell, 1998).

The authors would like to thank Katherine Dayton and
Matt Feltenstein for their technical assistance during the
course of this experiment. The authors also thank Wyeth-
Ayerst Laboratories for supplying the dexfenfluramine.
Procedures were conducted in accordance with the
guidelines of the Animal Care and Use Committee of
LSU Health Sciences Center in Shreveport. NIDA grants
DA-09619, DA-05884-01, and DA-05877-01 supported this
research. Mark LeSage is now at the Department of Med-
icine, Minneapolis Medical Research Foundation, Min-
neapolis, Minnesota. David Stafford is now at the De-
partment of Psychology, Centenary College, Shreveport,
Louisiana. John Glowa is now at CNS Discovery, Pfizer
Global Research & Development, Groton, Connecticut.

Address correspondence to Mark G. LeSage, Depart-
ment of Medicine, Minneapolis Medical Research Foun-
dation, 914 South 8th Street, D3-860, Minneapolis, Min-
nesota 55404 (e-mail: mlesage@mmrf.org).

However, decreases in food intake under free-
access conditions may also occur through
other behavioral mechanisms, including an
increase in the frequency of behaviors that
are incompatible with feeding, motor impair-
ment, or illness. None of these latter mecha-
nisms would be a desirable outcome for clin-
ical purposes. Thus it is important to examine
food intake under a range of conditions in
order to characterize more fully the behav-
ioral mechanisms through which anorectics
decrease food-maintained behavior.

Progressive-ratio (PR) schedules provide an
alternative procedure for studying drug ef-
fects on food-motivated behavior (Hodos,
1961). These schedules require an increasing
number of responses to produce successive
reinforcers within a session. For example, a
typical PR 5 schedule requires five responses
to produce the first reinforcer, and the re-
sponse requirement is incremented by five
each time a reinforcer is earned. The break-
ing point, defined as either the largest ratio
completed or the number of reinforcers
earned in a session, is the primary dependent
measure. Performance under PR schedules
of food delivery is thought to reflect the ef-
ficacy or motivational strength of food, be-
cause increases in either deprivation level or
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reinforcer magnitude typically increase
breaking points (Hodos & Kalman, 1963;
Kennedy & Baldwin, 1972).

Although food intake under PR schedules
and free-access conditions both provide mea-
sures of the reinforcing efficacy of food,
drugs can have different effects on these
measures. For example, Jewett, Cleary, Levi-
ne, Schaal, and Thompson (1995) directly
compared the effects of neuropeptide Y, in-
sulin, and 2-deoxyglucose on food intake un-
der a PR schedule and free-access conditions.
Although all three drugs significantly in-
creased food intake under free-access condi-
tions, only neuropeptide Y significantly in-
creased breaking points under the PR
condition. These findings illustrate how a
thorough characterization of drug effects on
food-motivated behavior requires more than
simply measuring the amount of food con-
sumed under free-access conditions. Drug ef-
fects may be modulated by behavioral param-
eters (e.g., effort) that are not manipulated
in the free-access paradigm, but are in other
paradigms. To our knowledge, no similar
studies have been reported that directly com-
pare the effects of anorectic drugs on food
intake under PR schedules and free-access
conditions.

EXPERIMENT 1

The purpose of this experiment was to di-
rectly compare the effects of two anorectic
drugs, dexfenfluramine (DEX) and phenter-
mine (PHEN) on food intake under a PR
schedule and free-access conditions, as mea-
sured by breaking points and grams con-
sumed, respectively. Both drugs are phene-
thylamines that reduce food consumption
under free-access conditions (e.g., Foltin,
1989; Garattini, Borroni, Mennini, & Saman-
in, 1978; Roth & Rowland, 1998; Rowland &
Carlton, 1988) but differ in their pharmaco-
logical mechanism of action and other be-
havioral effects. For example, PHEN is an in-
direct dopamine agonist that increases
locomotor activity. DEX (the more active ste-
reoisomer of fenfluramine) is an indirect se-
rotonin agonist that does not increase loco-
motor activity (Garattini et al., 1978).

METHOD

Subjects

Four experimentally naive, male Sprague-
Dawley rats (Harlan, Indianapolis, IN), main-
tained at 85% 6 5% of their free-feeding
weights, were used. Each rat was individually
housed in a shoebox cage with free access to
water. The vivarium was maintained on a 12:
12 hr light/dark cycle (lights on at 6:00 a.m.)
and at 70 8F. Supplemental chow was given at
least 30 min after experimental sessions and
on weekends to maintain stable body weights.

Apparatus

Rats were tested in four single-lever oper-
ant conditioning chambers (Grason-Stadler
Model E3125B, Concord, MA), measuring 30
cm long, 20 cm high, and 29 cm wide. The
response lever was located on the left side of
the front wall, 8 cm above the floor. A force
of approximately 0.25 N was required to op-
erate the lever. An aperture horizontally cen-
tered on the front wall 1.5 cm above the floor
allowed delivery of 45-mg food pellets (For-
mula A/I, P. J. Noyes, Lancaster, NH). A
white stimulus light was located 7 cm above
the response lever. Masking noise was provid-
ed by a white noise generator through a
speaker mounted in the lower left corner of
the front panel of the chamber. Each cham-
ber was enclosed within a sound-attenuating
box. A computer using MED-PCy software
(Ver. 2.0, Med Associates, St. Albans, VT) con-
trolled experimental events and recorded
data.

Procedure

Condition 1: Progressive-ratio performance. All
rats were first exposed to a variable-time 60-s
schedule of food delivery for magazine train-
ing. In the presence of a white stimulus light,
a single food pellet was delivered on average
every 60 s. Food delivery was accompanied by
a 0.25 s offset of the stimulus light. Once rats
reliably consumed food pellets, a fixed-ratio
(FR) 1 schedule of food delivery was ar-
ranged during daily 1-hr sessions. In the pres-
ence of the white stimulus light, each lever
press produced a single food pellet. Once le-
ver pressing occurred reliably (within five ses-
sions), the FR value was gradually increased
to FR 20 over several sessions. After response
rates were stable (i.e., no discernible trend
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across five consecutive sessions), the schedule
was changed to PR 5. Under this schedule,
the ratio requirement for food delivery began
at five each session and increased by five each
time a food pellet was earned. A session ter-
minated when a rat failed to press the lever
for 5 consecutive minutes, completed 60 ra-
tios (i.e., completed the terminal response re-
quirement, which was 300 responses), or 2.5
hr elapsed, whichever occurred first. Sessions
were conducted 5 days per week at about
1:00 p.m.

After breaking points stabilized under the
PR schedule, saline was given before two to
three sessions to acclimate animals to the in-
jection procedure. The acute effects of DEX
and PHEN were then determined. For all
rats, DEX dose-response determinations were
conducted first. Two determinations of each
dose were obtained, each involving adminis-
tration of the doses in a mixed order, includ-
ing saline. All doses were administered once
before any were repeated. No injections were
given prior to sessions on Mondays, Wednes-
days, or Thursdays. Sessions on Mondays and
Thursdays served as control sessions. At least
10 sessions following the last DEX dose and
when breaking points were stable (range 10
to 15 sessions), the effects of PHEN were de-
termined. As with DEX, doses and saline were
given in a mixed order. With PHEN, a third
dose-response determination was conducted
in 3 rats due to the variability in its effects
across the first two dose-response determina-
tions. Following assessment of PHEN, drug
effects on food consumption (Condition 2)
were examined.

Condition 2: Food consumption. The same rats
from Condition 1 were used for Condition 2.
The rats continued to be maintained at 85%
of their free-feeding weights during this con-
dition. Supplemental chow was given at least
30 min after sessions and on weekends as
needed to maintain stable body weights. On
Tuesday and Friday of each week, rats were
placed in the same operant chamber in which
they responded in Condition 1 and allowed
free access to food pellets. The food pellets
were identical to those delivered under the
PR schedule; they were placed in a small,
heavy ceramic dish on the floor. The duration
of food access for a given rat was yoked to the
average duration of its control sessions dur-
ing Condition 1, to the nearest 10 min. Ses-

sion times were 40 min, 50 min, 30 min, and
40 min for rats R1 to R4, respectively. The
weight of the food dish (with pellets) was re-
corded before and after each session to de-
termine the amount of food consumed. On
the rare occasion when food was spilled dur-
ing a session, it was collected from a pan un-
der the chamber floor and included in the
postsession weighing. Food-intake sessions
were conducted at the same time of day as
the PR sessions. Only two sessions were run
per week, to avoid increases in body weight.
All rats were initially exposed to two food-in-
take sessions without injections. After these
sessions, the effects of saline, DEX (0.32 to
23.0 mg/kg), and then PHEN (1.0 to 30.0
mg/kg) were determined. All doses and sa-
line were given at least twice (range two to
five times) in a mixed order. Two saline ses-
sions intervened between DEX and PHEN
dose-response determinations.

Drugs

DEX (dextrofenfluramine HCl) was ob-
tained from Wyeth-Ayerst Laboratories
(Princeton, NJ). PHEN (phentermine HCl)
was obtained from Sigma (St. Louis, MO).
Both drugs were dissolved in saline and ad-
ministered intraperitoneally (i.p.) in a vol-
ume of 1.0 ml/kg 15 min prior to sessions.
All doses are expressed as the salt. Saline
served as a vehicle control and was adminis-
tered i.p. in a volume of 1.0 ml/kg 15 min
prior to sessions.

Data Analysis

During Condition 1 (PR condition), the
breaking point (defined as the number of re-
inforcers earned during each session), overall
response rate (total responses during the ses-
sion/total session duration), and response
rate for each reinforcer (number of respons-
es to earn the reinforcer/total time [seconds]
to earn the reinforcer [postreinforcement
pause time plus run time]) were calculated
for each session. During Condition 2 (free-
access condition), mean grams of food con-
sumed per session were measured during
each food consumption session. Performanc-
es during drug and control sessions were con-
sidered significantly different if the ranges of
these values did not overlap. Breaking point
during a drug session was calculated as a per-
centage of control performance. Control per-
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formance was calculated as the mean break-
ing point across the sessions (usually
Mondays and Thursdays) that immediately
preceded drug-testing sessions (usually Tues-
days and Fridays). The ED50 values for DEX
and PHEN dose-response curves were deter-
mined by fitting linear regression lines to the
dose-response curves for each rat, and solving
for x (dose) when the value of y (effect) was
set at 50% of the vehicle control value. These
ED50 values were then pooled to calculate a
mean ED50 for each drug in each condition,
which were compared using paired t-tests.
Data are presented in the order in which
drugs were tested (DEX followed by PHEN).

RESULTS

Drug Effects Under PR Conditions

The mean breaking points during control
sessions for DEX were 29.1, 36.8, 34.1, and
24.6 for rats R1 to R4, respectively. The mean
response rates during these sessions were 1.2,
1.6, 1.1, and 1.2 responses per second for rats
R1 to R4, respectively. Figure 1 shows the ef-
fects of DEX and PHEN on the number of
reinforcers earned per session expressed as a
percentage of control performance. In most
cases, DEX (left column) decreased breaking
points as a function of increasing dose. For 2
rats (R1 and R3), doses larger than 0.56 mg/
kg decreased breaking points. For the other
2 rats, doses larger than 1.0 mg/kg decreased
breaking points. In 1 rat (R4), 1.0 mg/kg in-
creased breaking point during the first deter-
mination, but on the second determination,
the breaking point was within the range of
control sessions. DEX had similar effects on
response rates (data not shown).

The mean breaking points during control
sessions for PHEN were 30.3, 38.1, 30.1, and
19.8 for rats R1 to R4, respectively. Mean re-
sponse rates during these sessions were 0.9,
1.4, 0.9, and 0.8 responses per second for rats
R1 to R4, respectively. Figure 1 (right col-
umn) shows that in all rats the lowest dose of
PHEN (1.0 mg/kg) produced little or no ef-
fect on breaking points across all three deter-
minations. For 3 rats (R2, R3, R4), interme-
diate doses (3.2 to 5.6 mg/kg) increased
breaking points during the first determina-
tion but had little or no effect during the sec-
ond and third determinations. Higher doses
(10.0 to 23.0 mg/kg) initially also increased

breaking points in these rats. However, this
effect was less prevalent across the second
and third dose-response determinations, cul-
minating in the failure of this drug to in-
crease breaking points by the third determi-
nation (except for 10.0 mg/kg in R2). Thus
there appeared to be a downward shift in the
dose-effect curve across the three determi-
nations for these 3 rats. No dose of PHEN
increased breaking points in R1, but a down-
ward shift in the breaking point dose-re-
sponse curve similar to that seen in the other
rats was apparent.

Visual observation of R2, R3, and R4 indi-
cated that doses that increased breaking
points during the first dose-response deter-
mination also produced repetitive, stereo-
typed sniffing near the response lever. Lever
pressing also appeared to be part of this be-
havior pattern. Figure 2 shows a pattern of
persistent responding that greatly extended
the duration of a session for R4. This oc-
curred during the first determination of sev-
eral doses of PHEN and was associated with
increases in breaking point. Similar patterns
of responding were observed in the other 2
rats (R2 and R3) that exhibited increases in
breaking point. With 10.0 mg/kg PHEN, lo-
cal response rates at the beginning of the ses-
sion were decreased, but gradually increased
over the session. In addition, ratio-to-ratio
variability decreased. This pattern of respond-
ing was less evident during the second and
third exposures to higher doses. The persis-
tent responding during the first exposure to
higher doses in R4 resulted in a change in
how sessions were typically terminated. In
contrast to control sessions, these sessions ter-
minated after completion of the highest pos-
sible ratio in the progression (FR 300). It is
unknown whether higher breaking points
would have been obtained in the absence of
this programmed ceiling.

Drug Effects Under Free-Access Conditions

During control sessions for DEX, the mean
grams of food consumed for each rat was 7.4
g, 10.2 g, 7.1 g, and 11.1 g for rats R1 to R4,
respectively. Figure 3 (left column, open sym-
bols) shows that DEX produced dose-depen-
dent decreases in food consumption for all
rats. During control sessions for PHEN, the
mean amount of food consumed was 8.0 g,
11.2 g, 8.1 g, and 11.9 g for rats R1 to R4,
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Fig. 1. Effects of DEX (left column) and PHEN (right column) on the number of reinforcers earned per session
(breaking point) under a PR 5 schedule of food delivery, expressed as a percentage of control performance during
sessions immediately preceding drug sessions. Solid lines with open squares represent the mean of the dose-response
determinations. Horizontal lines represent the range of performance during control sessions (see text for mean
control values). Each panel shows data from an individual rat. Each row of panels shows data from the same rat.
Note that the y-axis scale is different for R4.
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Fig. 2. Effects of PHEN on response rate (responses per second) for individual ratios under the PR 5 schedule
in rat R4. Open circles represent response rates at each ratio during the control session that immediately preceded
each first determination of 3.2, 5.6, or 10.0 mg/kg PHEN. Solid circles represent response rates during drug
sessions.

respectively. Figure 3 (right column) shows
that PHEN also decreased food consumption
in all rats (only data for the first dose-re-
sponse determination for PHEN was includ-
ed for R4, due to illness during the second
determination).

Comparisons of Drug Effects Between
Conditions

To allow comparison of drug effects on
breaking point and food consumption, Fig-
ure 3 shows dose-response curves for DEX
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Fig. 3. Effects of DEX (left column) and PHEN (right column) on food intake (pellets consumed) under the PR
schedule and free-access conditions expressed as a percentage of control intake. Open circles represent mean food
intake during exposure to the indicated doses during the free-access condition. Closed circles represent the mean
breaking point during exposure to the indicated doses during the PR condition (data are the same as in Figure 1).
Horizontal lines represent the range of food intake during free-access sessions prior to which saline was administered.
Vertical lines indicate ED50 doses for each dependent measure. Each panel shows data from an individual rat. Each
row of panels shows data from the same rat. Note that the y-axis scale differs across rats.
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Table 1

ED50 doses (mg/kg) of dexfenfluramine and phentermine for reducing food intake under
progressive-ratio (PR) and free-access (FA) conditions. The shift in ED50 values (FA ED50-PR
ED50) between conditions is also shown for each rat. Values greater than zero indicate that
higher doses were required to decrease intake during free access, whereas values less than
zero indicate that lower doses were required to decrease intake during free access. Values in
the right two columns are from the third dose-response determination for PHEN only.

Rat

Dexfenfluramine

PR ED50 FA ED50 Shift

Phentermine

All determinations

PR ED50 FA ED50 Shift

Third determination only

PR ED50 Shift

R1
R2
R3
R4
Mean

1.84
3.59
2.99
2.75
2.79

11.39
5.98

14.07
11.86
10.83*

9.55
2.39

11.10
9.11
8.03

5.98
25.09
23.72
14.96
17.44

11.03
9.42

12.20
16.43
12.27

5.05
215.70
211.50

1.47
25.17

4.17
16.13
10.33
9.37

10.00

6.86
26.70

1.87
7.06
2.27

* Significantly different from PR ED50 (t 5 4.167, df 5 3, p , 0.05).

and PHEN on both dependent measures. In
general, the DEX dose-response curves for
food consumption fell substantially to the
right of the dose-response curves for break-
ing point. Table 1 shows the mean ED50 of
both drugs for both conditions in each ani-
mal. The mean ED50 for DEX on food intake
under the free-access condition was signifi-
cantly greater (388%) than that under PR
conditions. The mean ED50 for PHEN was
not significantly different between condi-
tions, but individual differences were appar-
ent. The ED50 for food intake under the free-
access condition was higher than that under
the PR condition in 1 rat (R1), comparable
in 1 (R4), and lower in the remaining 2 rats
(R2 & R3). The ED50 for breaking point dur-
ing only the last PHEN dose-response deter-
mination, when increases in breaking point
were less frequent, was lower compared to
the mean ED50 for all three determinations,
and was not significantly different from the
ED50 for the free-access condition.

DISCUSSION

Both DEX and PHEN decreased food in-
take under the free-access condition. How-
ever, the effects of these drugs differed under
the PR condition. Whereas PHEN initially
produced marked increases in breaking point
in some subjects, DEX did not. Previous stud-
ies have shown that moderate doses of PHEN
increase locomotor activity whereas DEX only
decreases locomotor activity (Garattini et al.,
1978). Thus, in accordance with prior studies,
the present findings suggest that anorectics

with stimulant effects can increase food-main-
tained breaking points ( Jones, LeSage, Sund-
by, & Poling, 1995; Poncelet, Chermat, Soub-
rie, & Simon, 1983; Sizemore, Cannon,
Smith, & Dworkin, 2003; Thompson, 1972,
1977), whereas those without stimulant ef-
fects do not (Frederick et al., 1998; Thomp-
son, 1977).

The present findings are consistent with
those of a previous study showing that some
drugs can affect food intake differently under
a PR schedule and free-access conditions. Jew-
ett el al. (1995) found that neuropeptide Y,
insulin, and 2-deoxyglucose all produced sim-
ilar increases in food intake under free-access
conditions, but only neuropeptide Y pro-
duced significant increases in food intake un-
der a PR schedule. The present findings in-
dicate that the effects of some anorectic
drugs on food intake also can differ across
PR schedule and free-access conditions.

DEX and PHEN also differed with respect
to potency in different access conditions.
Whereas the ED50 for DEX on food intake
under the free-access condition was signifi-
cantly greater than that for breaking point,
the ED50 values for PHEN were not signifi-
cantly different between conditions. This
finding demonstrates that the potency of
DEX on food-motivated behavior depends
upon the conditions of access to food, where-
as the effects of PHEN are not consistently
modified by access conditions. It is important
to note that the ED50 values for the effects of
DEX on free-access food intake in the present
study (5.98 to 14.07 mg/kg) were significant-
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ly higher than those reported in other studies
of the effects of DEX on deprivation-induced
food consumption (e.g., 1.25 to 2.50 mg/kg,
see Rowland & Carlton, 1988). This may be
due to procedural factors inherent in the de-
sign of the present study. Previous studies of
the effects of DEX on food intake allowed 1-
to 24-hr access to food per day for up to 2
weeks prior to drug assessment. Weight loss
was typically less than 10% below nondepri-
ved weight (e.g., Borsini, Bendotti, Aleotti,
Samanin, & Garattini, 1982; Rowland & Carl-
ton, 1988). In the present study, rats were
maintained at 15% below their ad-lib weight
for several months before the effects of DEX
were assessed, and access periods were short-
er (less than 1 hr). In addition, studies of
drug effects on food intake under free-access
conditions typically do not involve rats with a
long history of responding under a schedule
of food delivery, as was the case in the present
study.

The DEX-induced reductions in breaking
points under a PR 5 schedule and food intake
under the free-access condition in the pre-
sent study were similar to those in several re-
ports using a variety of feeding assays (for re-
view see Rowland & Carlton, 1988). The data
also parallel those of studies showing that
DEX and racemic fenfluramine decrease
breaking points for food in rhesus monkeys
(Frederick et al., 1998) and pigeons (Thomp-
son, 1977). The PHEN-induced increases in
breaking points observed in the present study
are consistent with previous studies showing
that intermediate doses of psychomotor stim-
ulants can increase breaking points for food;
for example, cocaine ( Jones et al., 1995; Pon-
celet et al., 1983; Sizemore et al., 2003;
Thompson, 1977) and amphetamine (Pon-
celet et al., 1983; Thompson, 1972). However,
PHEN and d-amphetamine have been shown
to only decrease breaking points for food in
rhesus monkeys (Foltin & Evans, 2001; Negus
& Mello, 2003; Schulze & Paule, 1990; Staf-
ford, LeSage, & Glowa, 1999). It is possible
that this discrepancy is due to the different
species used. Consistent with other reports in
both rodents (e.g., Roth & Rowland, 1998)
and primates (e.g., Foltin, 1989), however,
PHEN only decreased food intake under the
free-access condition in the present study.

One possibility for why PHEN initially in-
creased breaking points may be because it

produced stereotypic lever pressing and a pat-
tern of persistent responding that extended
the duration of a session. Previous studies
have shown that lever pressing can become
part of the stereotypic pattern of responding
induced by other stimulants (e.g., Collins,
Lesse, & Dagan, 1979; Robbins, 1976). Un-
fortunately, these conclusions are speculative
because stereotypy was not measured quanti-
tatively in the present study. The downward
shift in the dose-response curves suggests that
tolerance may have developed to this effect,
as has been seen with other stimulants (Ei-
chler, Antelman, & Black, 1980; Nielsen,
1981; Salisbury & Wolgin, 1985). With this
downward shift, the difference in effects of
PHEN across the two access conditions was
more similar to that seen with DEX.

In the present study, doses of PHEN that
increased breaking points also produced dis-
tinctive effects on local response rates. At
these doses, local response rates were de-
creased at the beginning of the session, fol-
lowed by an increasing trend in local rates to
levels comparable to those observed during
control sessions. Sizemore et al. (2003) re-
ported the same effect of cocaine under a PR
schedule. To our knowledge, no other studies
of psychostimulant drug effects on PR per-
formance have reported similar data on with-
in-session drug effects. Additional studies are
needed to determine whether the within-ses-
sion effects on local rates under a PR sched-
ule observed in the present study and by Size-
more et al. are a general feature of
psychostimulant drugs.

The present findings suggest that the po-
tency of some anorectic drugs can vary as a
function of the effort required to obtain
food. DEX was more potent in decreasing
food intake under the PR condition than un-
der the free-access condition. Numerous
studies have shown that drugs more easily dis-
rupt responding when response require-
ments are more effortful; for example, larger
FR size, greater response force (Hoffman,
Branch, & Sizemore, 1987; Makhay, Alling, &
Poling, 1994). However, PHEN did not differ
in its potency across the two access condi-
tions. Why effort would modulate the potency
of DEX to a greater extent than PHEN is un-
clear.
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EXPERIMENT 2

This experiment was designed to charac-
terize the duration of action of DEX and
PHEN on PR performance, and to see wheth-
er initial drug-induced decreases in breaking
point would be followed by compensatory in-
creases in this measure. Compensatory in-
creases in food consumption are important
from a clinical perspective because drugs that
simply postpone feeding may not be very use-
ful as anorectic medications (Foltin, 1989).
This issue was addressed using a novel, five-
component mixed PR schedule of food deliv-
ery, employing the same PR schedule that was
used in Experiment 1 in each component.
Components two through five of this extend-
ed session each began 3 hr after the begin-
ning of the previous component.

METHOD

Subjects

Six experimentally naive, male Sprague-
Dawley rats were maintained as described in
Experiment 1 except they were not fed after
sessions because they earned sufficient food
during sessions to maintain a stable body
weight.

Apparatus

Rats were tested in a different set of cham-
bers (Med Associates, St. Albans, VT; 29 cm
long, 21 cm high, and 24 cm wide) than those
used in Experiment 1. Two response levers
were located on the front wall 7 cm above the
floor on either side of a food aperture. A
force of approximately 0.14 N was required
to operate the lever. The aperture was hori-
zontally centered on the front wall 2 cm
above the floor and allowed delivery of 45-
mg food pellets (Formula A/I, P. J. Noyes,
Lancaster, NH). A white stimulus light was lo-
cated 4 cm above each response lever. A
houselight located on the center of the back
wall, 3 cm below the ceiling, provided ambi-
ent illumination. Masking noise was provided
by a white-noise generator through a speaker
mounted in the lower-left corner of the back
panel of the chamber. Each chamber was en-
closed within a sound-attenuating box. A
computer using MED-PCt software (Ver. 2.0,
Med Associates, St. Albans, VT) controlled ex-
perimental events and recorded data.

Procedure

All rats were first exposed to an FR 1 sched-
ule of food delivery during daily 15-hr ses-
sions that ran overnight (5:00 p.m. to 8:00
a.m.). In the presence of the white stimulus
lights, a response on either lever produced a
single food pellet. Food delivery was accom-
panied by a 0.25 s offset of the lights. Once
lever pressing occurred reliably under this
schedule, the FR value was gradually in-
creased to FR 20 across several sessions. After
the number of reinforcers per session stabi-
lized under the FR 20 schedule (i.e., no dis-
cernible trend across five consecutive ses-
sions), a PR 5 schedule similar to that used
in Experiment 1 was implemented. This PR
schedule progression was limited to a maxi-
mum of 80 ratios (culminating at FR 400),
presses on either of the two levers counted
toward the completion of the response re-
quirement, and three food pellets were deliv-
ered for each completed ratio. After respond-
ing was stable under the PR schedule (i.e., no
discernable trend in the number of reinforc-
ers earned across five consecutive sessions), a
mixed schedule consisting of five PR com-
ponents was implemented. Each component
terminated when a rat failed to press a lever
for 5 consecutive minutes, 80 ratios were
completed, or 2.5 hr elapsed, whichever oc-
curred first. Upon termination of a compo-
nent, a timeout went into effect. During time-
outs, the houselight and stimulus lights were
turned off and lever-presses had no pro-
grammed consequences. The second and
each subsequent component of the multiple
schedule began 3 hr after the start of the pre-
ceding component. Thus the minimum time-
out duration was 30 min. White lights were
reilluminated and the PR progression began
at the beginning of the PR sequence (i.e., FR
5). Sessions were conducted 4 days per week
(Monday through Thursday), at about the
same time each day (5:00 p.m. to 8:00 a.m.).

After breaking points stabilized under the
mixed PR schedule, the acute effects of
PHEN and DEX were determined. The phar-
macological procedures were identical to
those described in Experiment 1. Initially, in-
jections of saline were given prior to each
Thursday session (range two to three ses-
sions) to acclimate animals to the injection
procedure. When it was clear that saline in-
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jections had no effect on baseline perfor-
mances, acute dose-response determinations
for PHEN (1.0 to 30.0 mg/kg) and then DEX
(0.56 to 3.2 mg/kg) were obtained. Each
dose of each drug was given twice in a mixed
order. No injections were given prior to ses-
sions on Monday, Tuesday, or Wednesday
(sessions were not run on Fridays). At least
10 sessions (range 10 to 28 sessions) and con-
firmation of a stable baseline separated
PHEN and DEX dose-response determina-
tions.

Data Analysis

During each session, the total reinforcers
earned for the entire session, breaking point
(number of reinforcers) in each component,
overall response rate across all five compo-
nents (total responses in all components/to-
tal duration [minutes] of all components), re-
sponse rate in each component (total
responses in a component/minutes in a com-
ponent), and response rate for each reinforc-
er (number of responses to earn the rein-
forcer/total time [seconds] to earn the
reinforcer [postreinforcement pause time
plus run time]) in each component were
measured. Performances during drug and
control sessions were considered significantly
different if the ranges of these values did not
overlap. Breaking point during each compo-
nent of a drug session was calculated as a per-
centage of control performance, which was
calculated as the mean breaking point during
the same component across all sessions that
were immediately preceded by saline injec-
tions. Data are presented in the order in
which drugs were tested (PHEN followed by
DEX).

RESULTS

Figure 4 shows the effects of PHEN and
DEX on the total number of reinforcers
earned for a session as a function of dose.
During control sessions, the number of rein-
forcers earned varied among rats. For 4 rats,
the total number of reinforcers earned was
relatively high, from about 110 to 160. For 2
other rats (R7 and R9) the total number of
reinforcers earned was relatively low, from
about 45 to 60. Session averages were stable.
PHEN decreased total reinforcers as an in-
creasing function of dose in 4 rats (R5, R6,
R8, and R10). For R5, only the largest dose

significantly decreased total reinforcers. In
contrast, PHEN increased total reinforcers
earned in the 2 rats (R7 and R9) with low
baseline-session breaking points, and higher
doses failed to decrease this measure. DEX
decreased total reinforcers as a function of
increasing dose in 5 of 6 rats, but had little
effect on this measure in R9. This figure also
shows that DEX was more potent than PHEN
in decreasing the total reinforcers earned per
session.

Figure 5 shows the effects of PHEN on the
mean number of reinforcers earned in each
component of the mixed PR 5 schedule. Dur-
ing control sessions (shaded areas) breaking
points decreased across components in the 4
rats (R5, R6, R8, and R10) with relatively high
breaking points (more than 30 reinforcers)
in the first component. In contrast, breaking
points remained stable over control sessions
in the 2 rats (R7 and R9) with relatively low
breaking points (less than or equal to 15 re-
inforcers) in the first component. PHEN pro-
duced a dose-dependent decrease in the
number of reinforcers obtained in the first
component in 4 of 6 rats (R5, R6, R8, and
R10). In the other 2 rats, intermediate doses
of PHEN (5.6 mg/kg for R7, and from 5.6 to
23.0 mg/kg for R9) increased reinforcers ob-
tained in the first component whereas larger
doses decreased that measure. When PHEN
decreased the number of reinforcers ob-
tained in the first component, breaking
points often increased relative to mean con-
trol breaking points across subsequent com-
ponents. Occasionally, these increases in
breaking point exceeded the control range.
For example, 17.8 mg/kg PHEN decreased
breaking points in the first component for
R7. During the second component, however,
breaking points markedly increased com-
pared to control. Consequently, there was no
significant effect on the total number of re-
inforcers earned per session at this dose (see
Figure 4).

Figure 6 shows the effects of DEX on the
mean number of reinforcers earned in each
component of the mixed PR schedule. Con-
trol performance was similar to that ob-
served during PHEN dose-response deter-
minations. DEX produced a dose-dependent
decrease in breaking point in the first com-
ponent in all rats. Following significant drug-
induced reductions in breaking point in the
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Fig. 4. Effects of DEX and PHEN on the mean total reinforcers earned under the mixed PR schedule of food
delivery. Each panel shows data for an individual rat. Each data point represents the mean number of reinforcers
earned across two administrations of the indicated dose of drug. Vertical lines represent the range. Points without
vertical lines are instances in which the range is encompassed by the point. Points above C represent performance
following administration of saline. Solid circles represent data for PHEN dose-response determinations and open
circles represent data for DEX dose-response determinations. Asterisks indicate doses that significantly reduced the
number of reinforcers earned in the first component (see Figures 5 and 6) but had no significant effect on total
reinforcers earned for the session.
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Fig. 5. Effects of PHEN on the mean number of reinforcers earned in each component under the multiple PR
schedule of food delivery. Each panel shows data for an individual rat. Each data point represents the mean number
of reinforcers earned across two administrations of the indicated dose of drug. Vertical lines represent the range.
Points without vertical lines are instances in which the range is encompassed by the point. Shaded areas represent
the range following administrations of saline.

first component, breaking points across sub-
sequent components increased relative to
the first component. For example, low doses
of DEX decreased breaking points in the

first component for R6, R7, and R10, and
increased them in later components. How-
ever, the total number of reinforcers per ses-
sion did not increase. For 3 rats (R5, R8,
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Fig. 6. Effects of DEX on the mean number of reinforcers earned in each component under the multiple PR
schedule of food delivery. See Figure 5 caption for more details.

R9), breaking points only returned to con-
trol levels in later components after signifi-
cant decreases in breaking points in the first
component.

To facilitate comparison of the time course
of drug effects on breaking point, Figure 7
shows the mean breaking point in each com-

ponent, as a percentage of saline control, for
the different doses of each drug. The time to
recover baseline performance increased as a
function of dose for both drugs. In the range
of doses tested, the duration of the effect of
PHEN on breaking point was shorter than
that for DEX.
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Fig. 7. Effects of PHEN and DEX on the number of
reinforcers earned in each component (as a percentage
of saline control) under the mixed PR schedule of food
delivery. Data are plotted as a function of hour from the
beginning of the first component. Each point represents
the mean data from 6 rats. See Figure 5 caption for more
details.

DISCUSSION

Both DEX and PHEN produced dose-de-
pendent decreases in the number of rein-
forcers earned in the first component of the
mixed PR schedule in most rats. This finding
is generally consistent with the results of Ex-
periment 1 and prior studies showing that
DEX and PHEN reduce food consumption in
a variety of species and feeding assays (e.g.,
Foltin, 1989; Garattini et al., 1978; Roth &
Rowland, 1998; Rowland & Carlton, 1988).
DEX was also more potent than PHEN in re-
ducing the number of reinforcers earned un-
der the PR schedule, consistent with the find-
ings of Experiment 1 and prior studies
(Maickel & Johnson, 1973; Roth & Rowland,
1998; Shoaib, Baumann, Rothman, Goldberg,
& Schindler, 1997). PHEN-induced increases
in the number of reinforcers earned were ob-
served in 3 of 4 rats in Experiment 1, but this
effect was obtained in only 2 of 6 rats in Ex-
periment 2 (R7, R9). In Experiment 2, the

chamber was slightly larger than that used in
Experiment 1, two levers were present, re-
sponses on both levers counted toward com-
pletion of the ratio, three pellets were deliv-
ered following completion of each ratio, the
order of drug testing was reversed, and mul-
tiple components were employed. In addi-
tion, drug testing occurred at a different time
of the day, and recovery of performance with-
in the session occurred. Any one or a com-
bination of these variables may have account-
ed for the lower incidence of PHEN-induced
increases in breaking point in Experiment 2.

When doses of PHEN were sufficiently high
to decrease breaking points in the first com-
ponent, breaking point in later components
of the session was occasionally increased
above control levels, but this did not affect
the total number of reinforcers per session
(noted by asterisks in Figure 4). This finding
is consistent with prior reports showing that
compensatory increases in food consumption
can occur following initial decreases pro-
duced by PHEN and other psychomotor stim-
ulants (Caul, Jones, & Barrett, 1988; Foltin,
1989; Foltin, Fischman, & Nautiyal, 1990;
Jones & Caul, 1989). In contrast, high doses
of PHEN decreased food consumption in ba-
boons for up to 22 hr (Foltin, 1989). These
baboons were not food deprived, which may
account for the longer time course of drug
effects for PHEN.

Following doses of DEX that decreased
breaking points in the first component, in-
creases above control breaking point in later
components of the session were less frequent
than with PHEN. In 4 of 6 rats (R5, R7, R9,
R10), compensatory increases in the number
of reinforcers earned in later components re-
sulted in no change in mean total reinforcers
earned for the entire session following ex-
posure to 1.0 or 1.7 mg/kg DEX (see Figure
4). This finding is consistent with prior re-
ports showing that compensatory increases in
food consumption can occur following fen-
fluramine treatment (e.g., Burton, Cooper, &
Popplewell, 1981; Roth & Rowland, 1998).
However, another study showed that although
compensatory increases in food consumption
were observed in rats following fenfluramine-
induced decreases, total intake for an entire
23-hr session remained suppressed (Burton
et al., 1981). These studies were accom-
plished with the racemic mixture of fenflur-
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amine, as opposed to DEX, and the rats in
the Burton et al. study were not food de-
prived. These factors may account for the dis-
crepancy with the present study.

GENERAL DISCUSSION

Several findings emerge from the present
experiments. First, both DEX and PHEN re-
duced food intake under free-access condi-
tions in a dose-dependent fashion. Second,
although high doses of both DEX and PHEN
decreased breaking points under a PR sched-
ule of food delivery, PHEN increased break-
ing points at moderate doses whereas DEX
did not. Third, DEX was more potent in de-
creasing breaking points under the PR sched-
ule than decreasing food intake under the
free-access condition, whereas PHEN did not
consistently differ in potency across access
conditions. Fourth, the duration of action of
DEX under the five-component mixed PR
schedule was longer than that for PHEN.
Fifth, after doses of either drug decreased
breaking points early in the session, breaking
points in later components of sessions ex-
ceeded control levels, resulting in no signifi-
cant effect on the total numbers of reinforc-
ers obtained per session in some rats (i.e.,
compensatory food intake was observed).
Overall, the differences in effects between the
two drugs provide some interesting perspec-
tives on their anorectic properties.

Both DEX and PHEN decreased food con-
sumption when food was freely available, con-
sistent with previous studies (Roth & Row-
land, 1998; Rowland & Carlton, 1988).
However, DEX (but not PHEN) was more po-
tent when PR responding was required than
when food was freely available. The failure to
find differences in potency for PHEN be-
tween the two access conditions appears to be
due to PHEN often increasing breaking
points. For instance, during the third dose-
response determination in Experiment 1 (see
Table 1), when increases in breaking point
were less apparent, PHEN was more potent
in reducing food intake under the PR sched-
ule in most rats. The greater potency of the
drugs in reducing food intake under the PR
schedule is consistent with numerous studies
indicating that increased response require-
ments decrease the dose required to disrupt
behavior (Foltin, 1997; Hoffman et al., 1987;

LeSage, Stafford, & Glowa, 1999; Seiden &
Campbell, 1974; Stafford, Rice, Lewis, & Glo-
wa, 2000), although response requirement
does not always modulate drug effects (e.g.,
Foltin & Evans, 2001).

Most studies of drug effects on PR perfor-
mance have found that stimulant-type ano-
rectic drugs increase breaking points main-
tained by food (Frederick et al., 1998; Jones
et al., 1995; Poncelet et al., 1983; Sizemore et
al., 2003; Thompson, 1977; but see Caul &
Brindle, 2001 and Gylys, 1967) and that an-
orectic drugs without stimulant effects do not
(Frederick et al., 1998; Gylys, 1967; Thomp-
son, 1977). The reason for such increases in
breaking points remains unclear. The failure
to consistently find increased breaking points
with PHEN across both experiments suggests
that psychomotor stimulant-induced increas-
es in breaking points maintained by food is a
capricious phenomenon. Since anorectic
drugs without stimulant effects have not been
found to increase breaking points, this phe-
nomenon may be related to some unique ef-
fect of psychomotor stimulant drugs, such as
their ability to induce stereotypy. Further
studies that examine the potential role of ste-
reotypy in the within-session effects of stimu-
lant drugs on local response rates under PR
schedules may help elucidate the behavioral
mechanisms underlying stimulant-induced in-
creases in PR breaking points.

Given that breaking points under PR
schedules are considered to provide an index
of the reinforcing or motivational strength of
the scheduled event (e.g., food delivery: Ho-
dos, 1961; Hodos & Kalman, 1963), the pre-
sent data could indicate that both DEX and
PHEN decrease the reinforcing effectiveness
of food. In contrast, PHEN occasionally in-
creased breaking points, an unexpected ef-
fect for an anorectic drug. PHEN’s ability to
increase locomotor and stereotypic behavior
may have affected operant responding. If so,
this would suggest that drug-induced increas-
es in breaking point can occur through be-
havioral mechanisms other than those related
to the reinforcing effects of food. Previous
studies have concluded that drug-induced
changes in breaking point do not provide an
uncontaminated index of the reinforcing ef-
fectiveness of the scheduled reinforcer
( Jones et al., 1995; Poling, LeSage, Roe, &
Schaefer, 1996). In a similar vein, decreases
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in breaking points also should be interpreted
with caution.

To our knowledge, the present study is the
first to employ a mixed PR schedule of food
delivery to examine the time course of drug
effects on food-maintained behavior. In Ex-
periment 2, the time course of DEX was lon-
ger than that for PHEN. This finding is con-
sistent with prior pharmacokinetic studies in
rats that report a longer plasma half-life for
DEX (156 min; Caccia, Ballabio, Guiso, Roc-
chetti, & Garattini, 1982; Jori, De Ponte, &
Caccia, 1978) than for PHEN (86 min; Cho,
Hodshon, Lindeke, & Miwa, 1973). However,
if larger doses of PHEN had been given this
difference might have been reduced. In ad-
dition, the ability to detect compensatory in-
creases in performance under the multiple
PR schedule suggests that the procedure also
may be useful to assess ‘‘rebound phenome-
na.’’ These phenomena may have important
clinical implications, such as counter-thera-
peutic increases in food-seeking behavior
(Lupolover & Ward, 1982). Whether such ef-
fects would abate with chronic administration
(repeated DEX has been reported to produce
contingent tolerance, Roth & Rowland,
1998), may be of some interest.

The present study showed that the effects
of two anorectic drugs on behavior main-
tained by food could differ, depending upon
both the drug and access conditions. The
nonstimulant anorectic (DEX) decreased
food-associated performances to a greater ex-
tent when more effort was required. The
stimulant anorectic (PHEN) did not decrease
food-associated performances to a greater ex-
tent when more effort was required, but this
lack of difference may have been contami-
nated by other psychomotor stimulant effects.
Recovery of food-maintained responding dif-
fered for each drug, and compensatory in-
creases were observed following moderate to
high doses of both. Further studies should as-
sess the effects of repeated exposure to ano-
rectics, which is how humans typically use
them.
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